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I:II .;tic#*, ;I!(: l i l t , iy  III Ile III~ISI v~l l t~ernl l lc  111cli11111~c cba~lgc. 
'I ltc 1~01111 C:IIIIIOII!. III:II i l ~e :~ r i c l c~ :~ led  ~ c u c l i l ~ t ~  o l l u p i c a l  
I<ve\ l  bviI11 cli~r~:!tc ~I , I I I I#~ OII 1I1c Alricml~ c u ~ ~ l i l l c ~ t i  cuuld 
t r ro l l  i l l ; l l ~ c l l u ~ l ~ : ~ r ~ l l l ~ l r t l l ~ ~ I  l tcS;d~clsy~ld~trlnc i~ l loUle l low 
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01 clilllnle cll;ir~gc 111us1 Ilc n?scshctl 11). c o ~ ~ l l i : ~ r i l y  l l jc r:~lc :,I 'I Ilc SSZ c r l r~ tds  o v c ~  scvcrd cou~l l l ics (tom Se~lcgal u l d  
wll icl l l l ic S~S~CIIIS Uiel I l l ~ e l ~ l  Irc ; ~ l l c ~ t c d  L~I:III!JC il l ld intl:l~>l I ii! l~ll l l i l  ill ll lc WCSI 10 C'11;td ill ll lc cilsl. ' l i lc  P~OW~III sus011 8 
~ I I : I I I ~ c s . ' I ~ ~ v L I I ~ ~ s s c ~ ~ I ~ ~ ~ J :  VOII.L.? ill llbr I<E HIII( 1t1 lloc S~IIIAC- 
<i< l!!~tcl :w<I like Ad:n~~l:~tIo,~t l p : ~ ~ ~ c i  01 lite N:~Iion:~l AC:[~CIII y 
(11 S~ le l l cc  INAS. 1O91il.b) l t~gl l l ig l l l  l l l i r  i ~ ~ k i ~ ! .  I'CO(IIC. 
ectatc~ll~ic n livily, i ~ ~ l r m s l r ~ i c l ~ r ~ c  n t d  11nler;ll co l l ler l  C~IIIIOI 
lo d i ~ c r i n l c d .  J ~ s s i ~ . ~ M n ~ l ~ e w r  (NAS. IY!lIa) cnulIcl!ts tl1:11 
costs 11t;ll me  i~~d ispu lab l y  cxtorllluus ( i t r ludi t lg  IIIIIIIIIII ~III- 
I e r i ~ ~ a )  b e i n  lonnrxardecct~livelv ~~ta l taveul~lc w l l c ~ ~  viewed 
- - .. . .  - 
rulcly l rml l  U r  perrpecl iveolU~eir  llnpacls on n ~ n u l t i u i l i i ~ ! ~ ~  
dollar c m ~ n t ~ t ~ t y  J~IIC La l rhcncu  (NAS. IYt91h) cc l~ver Ill,! 
YI~III~ view I ~Y  'ilyi~l!! 111il l  we Ii:~vc to worry al)oul llrc curt5 ill 
. . 
In vitl:lgc\ I ~ r l ~ ~ i u l r c t  LIIOII~IIIS x i ~ ~ c c  1069 nlal s~~cccssive 
r to l '  I : i i l ~~ tc \  IC:,IIIICII ill n tlcclillc ill ll lc per cilpltn l<wd 
~ ~ ~ ~ n I ~ ~ c l i r > l l .  'IIIc II~IIIIWIII~ ate s~ll ltc 111 Illc rcns~l ls  wlly Ulc 
SS7, 111 Wcrt Ai~tc: !  iz v u l ~ ~ c r ~ ~ l r l c .  
h g r i c ~ l l l t ~ ~ c  ill l l ~ e  SSZ, w l~ i c l l  Is p r c d o ~ ~ ~ i l m t ~ l l y  f in ed ,  la 
l i l ~ c l v  11111rtl l i i  c l i~ l ln lc  a< it lcl ics UI Ulc ti l l lciv onscl u l  . . -  
dnl>l;~tit>a n ~ u l  UIII s u l ~ s t : r ~ l i ~ l  d ll iculties ,ue a ~ ~ t i c ~ p i ~ t c d  tor 1:1i111itll :III~ il': ~ v g t ~ l i u  ~~IS~II~IU~~UII Iru~Igl! UIC raltly SC~SUII. 
dcv r l c~v i l ~g  nati~nts l r l  adnltt 1u)cli18ele c l~ i l t ~ye .  l l ~ e  ~~lr iect ivc IIUIIC~. ~VUI I  ir t l ~ rw .  rlll:Jl U~I~IIPC Iuwiuds P WO~MII~IIP cli- 
. - 
111 U lb  clml)lm is a1 cxiul~ilu! pss ih l c  1111pncls ol vl i~ l l ;~tc 
c l~nngc oil ctrqr p d u c l i v i l y  ill lllc Sud;~l1o-S:llirli;l11 zollc pllnlr<~ i,,,,~,,,,,,,,,,,,,, ~r,!, sClnlr. I I ~ B ~  scienn $rnialy (SSZ) 01 West Alrica. Auxriua. 6175 Srg~lr R I I .  Mlclisnn. WI 33711, USA. 
IS I 
male u n  incrcnse clii&?tic risks. Wnggoi~r  (see Cli. 30. his  
buok) concludul Ulal i f  UK prescnl cli~nate is a pnrlucllvc 
an. w m  md&Iff wil l  burl. In  Ule SSZ however. !he 
~ e n l c U m a l e  iuelf  lsmar~innl ly praluctlve, and U11s 111tm. 
~ I K W  a mudl  p m l w  risk i f  cli~nnlo wursens IurUIcr. ' 
nr n ~ o ~ ~ u ~ a c d a l  mbrfall in Ule SSZ, c u ~ r c c ~ ~ ~ o l c d  in ;I 
sl~oct period of 3 tu 4 mu is low, vnriohle and undcrrndable. 
Will1 U r  large lelnpornl nrld spalid vnri;~liuns in ~ ~ n l i d l .  Ue 
(nditiund svslct~~s of croo nraluclion nrc oltcn vcrv vu i~sr -  
able. ~c i ow~nunna l  r infnlicuuld persist I ~ i r  10 tu i u  i. I:ctr 
exnlple, i t  has been elnblished Ulat nt severnl Iccatio~ls ill 
Niger, a signincanl declii~c ill Uie u ~ i ~ u n l  nnd AUYIIS~ ~ilii~li!ll 
. " 
11ipl1 radiniiui~ load. RUIII sor~llr lo nor01 alilpernturcs ill. 
clcnse and rsinlnll decreases. I l ~ i v i r u ~ ~ ~ n c ~ ~ ~ J  ar~ldit io~ls III- 
ing Ulc smge I J ~  crop es l i~b l is l~ i i~e~~l  111 l l c  SSZ, cslrcinlly 111 
llic low rainlall ~ueas. nre usu:~lly Il;ssl~ since lllesowii~g mills 
Itlllow n lung n l~d l1a1 dry scastllt. Meal, III~X~IIIUIII ICIII~ICI:I- 
tsrm could exceed 40°C at Uie llllre 01 suwillg ncl~i ;~l~s~riule 
lrl!lpralurcs could k IIIUCII l~igller (Sivilku~~liu, 1989). blur- 
iiai varinliuns ill Ule air lcinpelnlurc nnd soil Iclnlxrnlurcs a1 
I l~csu~lnce UII~IS-CIII dcr~t l~  I cloretllc u l tse lo l r i l~s  (I'ip. 32.. 
' j  sliow Ulal lilc surincr st~i l  Icll!~rrillures ~:III 1tlcre:lhc 
, l~idly I'ruln 27"C'nlOlW 111 111 56"C'st 14011 Ihr. A l l l n~~ ip l~  tlic 
aullncc suil telnpcrnlures dcc~cilse alCr n r i~i i l ,  wid1 ;I s11oi1 
dry ~ x : l i o J ~ ~ ~ ~ d c l e n r s k i c s , n u ~ ~ u s ~ r l ~ c ~ i c n ~ t ~ d i l i ~ ~ ~ ~ s c : ~ ~ ! ~ ~ ~ ~ i c k l y  
rcluni lo lbuse desc~ilretl 111 Fig 32-1. 
ill view o l  lllc Jisnnlec~ncl~l ril  l l l e cx l c~~ l  (11 ulrlre \V:I~~II 
I l~e days willi ~c~npcrat~~rcn l  tile Iowcr clld111 l l ~e  ~ J i ~ l ~ i l ~ u I ~ o i ~  
(II'C(', I91)On) U:rI:! lrrcsrrllc~l i l i:ip 32- I l;lisc;ut ittlilr>ll;i~~I 
~slil>81. Ilu(v $vo~~ ld  ll c iu tv r~r~~~t l i :~ Ic  I(.:IIIII 01 U:IIIIIIIII! 01 1 
10 L"l' 11) lllr rllror; :~llr.c~l 11111 !rl,tlr,ll!!rrl I?IIIIlI:I:IIIIICL: $11 114': 
\ 1 3 i l  \ l l l l : l~c I  I 1  i': I o ~ ~ ~ c ~ i v . t t l l ~  111,I 1111:11c ,.oil II'IIII~(.I.~IIII~ 'i 
< ,)III,I I:'(LPI.II CII!,, (10"l 
32-1.3 I'IIIII Soil a i ~ d  Crop M n r ~ a g e n ~ r ~ ~ l  
blatkr Quick A J n l ~ l a l i t ~ ~ ~  I)ilflcull 
, . 
I!,:OI : ~ l l ~ ~ l i t ~ ~ !  I ~i, hct!hilivily. A~CII~ISII~SIIII~ 1-~~visulqare UIC 
lwo dtliljor xoil I~IIL.S ill llte SS7. i ~ c e ~ ~ ~ ~ ~ i l i l l l (  IOr 56% UI U1c 
IOI:II :&reit (Siv;~lu~~lnr. I9891. AICIII~S~~S are sandy. acldic. 
~ I I I~ low i ~ ~ o ~ b i i i ~ i c  t~ ntlcr,  c ~ ~ i ~ ~ ~ ~ e x ~ I ~ a ~ ~ g e c n p n c I ~ y ,  N and P. 
WIIII tllc ~ c r l ~ ~ r c t l  1i11i1t (11 (lie IellyUl ul'lalluw 111 cropping 
y~.:us ili ~ i ~ c  SS%, s i~ i l  I'c~tility lkas l r cn  dccl i~~ing. Accordi~~g 
III h . l~~$;~ l~ iu  ( l1)86), nvcrapc use ~ t l  lc~lilizers ill l l ~e  sorghum 
I.Yo~hit~r~ bt~(11ot (I..) MIEIICII] a ~ ~ d  peal  nill let LPennisrlurt~ 
~lrtirctrrr~ (L.) II.Dr.1 p r ~ ~ w i t ~ g  c ru~~uics  of Wcsl Ahlrica was 
CIIII~ 5 kgl i~;~. IIItlie~d~sencc r~ l ; idded~~~:~~iurcor  ferlllizersoll 
ll~cse ~wx,r soils, 111c 1tul1ic111 rcscrvltir of llic soil utlder 
c l !~~ l i l~u l~us rn1lrl1111g is drolrl~ing lo  levels wllicll all 110 
lw~ger susl:1111 i i ~e  deailed yield levels. 
f'be lnck of suitable fn(il ity matlngcment is furU~r11ggrn- 
Id by the l i m i l d ,  wlumely soil mnnngclsenl prsclices. 
dMel l  inIensiUed ln LLlC SSZ M much greater lhnn Itl'd~e 
luIW Mdsub l rg ica lzoow nml pose s p a i d  pmblelnr ill 
iigricullumi m.nagcrnen1 luul suil cwervn l ion ,  A l l l ~ o u g l ~  
PplmpriaIe roil and w m  management ~ n c t i c c a  re crucial 
for I n a b g  emcient usc o f  lhc limited rainfell, nda l r l i o~~ 01
such soil mnaaganentpracUces or Ule lam i c n ~ v i r l u a l l y  
unknown. I n  a major part ool U I~  mi l le l  growing region i s  B e  
SSZ, use o f  animal t r a c t i o ~ ~  l o r  prepamtory cuilivntion is nut 
common and U u  m i i s  arc seldoun plowed (Spencer & 
Sivakul~mr. 1987). 011 suils Ulnl m l l r d  nnd crusly. 11011- 
adopUon of soil Ulinge n ru l ts  ill low i ~ ~ i i l l m l i o s  rnlcs nlnl 
runoff, and i n  low water use elliciencies. 
; l ~ ~ o c l . ~ l c d  wl l l l  l l lc I I ~ C I L X ~ ~ ~ ~ ~ ~ : I I I I  I 181 l l l i ~ f ~  11.11 illttl 6 :I I.& 
r e ! r ~ t ~ v n l ~ ~ f u ~ x x l n l I J ~ ~ r c ~ . ' t : ~ r l . ~ c  LI.!IIO.\. 1'157) WIIIICIIIC 
01 tllc W<IIIIJ ~IC:II~II~ (FA(), IORX), 111c o11e11 ~11csls ill A l ~ i < , t  
ale d i s : ~ ~ ~ ~ x ; u ~ l r e  a1 rill ;11;1111lillc rnlc nrltl c ~ ~ l ~ l r i l ~ l ~ l c  111 G2'% 111 
.. u 
Ulc I~ r la l  desuuclirrt~ II~I)[)~II IIII~SIS wu~lr lwi i ic Ucc:~osc 111c 
IIXI Inrcsls nrc slsill ly nu u~!ltln~lnged ecosyslcllr, lllcit 
rcgelrml ion lnny pose { ) r o l ) l e ~ ~ ~ \  
Dc Io res l :~ l i~ r~~  a1111 cllal~gca ill r l ~ e  I:IIIII S I I I ~ ~ C C  CIIIII~IIIOII~ 
~;III i l l ' i t l  II:IVC ;III i r i ~ l ~ ~ ~ t l i ~ l ~ l  i t l l l ~ ~ e t ~ c e  1111 I:IIIII:III. 0 1 1 1  \ I~r( l i<? 
ill Nigcr l~avc  ~IIIWII Illnl IIII I>:II<: 'ioils IIIIII r c ~ l l l l  11011: s11r11 
~lcgla~lalirrll. cv:llarlnliu~r lnlc< ;IIC IIIIICII lowel C~)III~IIIICI~ 1 0  
l l ~ e  1nlll)w bur l~lnnd (Wnllnce el 111 . IYOO) ~ l l c l cby  ~ l i r l r ~ ~ l i i l ~ ~  
l l ~ e  ~b:lturnl ~ydnr l r~y icn l  cycle. '['lac lectlhnck cllccls c r~ l l l d  Ile 
~III~M~II:IIII ns l,avnl n1111 I ' l r i~ lr  [IOUfi) 11:1vc SIIIIWII :Ilnl 8111 
~IILIC:ISC 111 IIIIK~II ~ I I I  i~~ l~ i l~ i l  1iti111;1ll,'i'lbe fcccllri~ck i~tqdic\  
111;11 ~ l c l ~ ~ ~ c s l ; ~ l i ~ ~ ~ ~  118:1y IK! ~ l i l l l c ~ ! l l  10 rcvclw 
l ~ ~ c ~ e n s i n g  IIIII~ d c g r n ~ l : ~ l l ~ ~ ~ ~  lc: vcs 111e IIIIIC SIIIIII~~~ s ) i l  
suscc l r t i l~ le I~~  w i ~ d c ~ u s i ~ r ~ ~ ,  l ) ~ h : c ~ ~ l l e c l c d i ~ ~ N i g c ~  r l n ~ w  lll:~! 
l l ~ c  inc1easI118 W ~ I I ~  e r u s i o ~ ~  is l c : ~ ~ l i t ~ g  l ~ ~ l c c r c n s c ~ l  v i r i l ~ ~ l i l y  
(1:ig. 32-2). AS~II I I I~~~C~II~ lllc i!JN)s,11111ing 1111: IYROII~ICI~ 
wns R s igni l icnl~l  i~~ercase ill IIIC IIUI I I~~ 111 d n y ~  will1 ~HIIII 
visibili ly ( 4  ksl). Tile ~ ~ r o h l c ~ ~ ~  is ~ II I I I~II~ pnt l i ca l i~ ly  
serious n l  010 begi1111111g u l  lltc r n i ~ ~ y  wn<rln. wltrt! ~n i~ns  iwc 
usually lvrcccded by Jusl slixtllr will) v i ~ > l c ~ ~ l  wi~rd.;. Mll!'illg 
n u ~ d  p~miculnr ly nllecls c l ~ ~ l l c s l : ~ l ~ l i s l ~ ~ ~ ~ e ~ ~ l  11y d:ul~ngi~~g lllc 
serrll i l~gs by "sand hlnslil~g" alr l  l l lc 11il:ll n~i l  lclnlier:lllltrs 
d11ring l l ~ i s  l K ! r i l ~ l  cnuse 11lrIllc1 ck~ln:rgc, l.:~ck 111 :III~~II~IIII (11 
:111prol)ri;11c sunlcgics a1 ll lc l a ~ l a  levcl. espci t l l ly  ill lllc 
S:~hcliel~ z~ntc. lo  reduce wi l l l l  c l ~ n i < a l  nlld snl~d hl;lslil~[! is 
lendillg lo  su lx~ l i l i~na l  pla111 $1;111ds i lnJ r e l ~ l a l ~ l i l ~ g  eves I;upc 
arms. l ~ i s  llas a feedbnck cll'ccl 011 I;III~ Jeg~;d :~ l io~~.  
I'LIIIIII:II~I~II $I ~vII I  tirle ill Wesl AlriCit is 1111~0fUlelr ig l le~l  
III l l ~ c  W I ~ I I ~   I I I I ~ I I ~ I I O I I ~ ~ ~ ~  Illi'i RIIWUI llns pill sues3 an Ule 
II:IIO~,I~ I C ~ O ~ I ~ < L .  I > ~ I ~ c  imd i~t~reased c ~ ~ v i r u ~ ~ ~ n c ~ ~ l n l  degrndn- 
IIIIII. ~ l l : t k i l~g  il CVCII IIIIIIC ~ l l l f i cu l l  10 ~III~II UIC requlrcd 
IIIII~IIC~~II~I gilills 111 suhlnilr Llle growillg populalio~~s. Wllilc 
l l o l ~ t ~ l : ~ l i o l ~  l ns IIVCII g l ~ r w i l ~ p  nl closc 10 3% ulnually, Ulere 
11.1, l l r c l ~  :I ~ l c r l i ~ l i ~ ~ g  uelld 111 Ule q ~ l n ~ l t i l y  n ~ l d  qunlily 01 
LIIIII~,JII!I~- I:I:II~~I~;I per i ~ ~ l ~ n l r i l n ~ ~ l ,  I I I l ese u c ~ ~ d s n r c ~ i o w c d  
III c l ~ l ~ l i l ~ u c ,  I:AO (IORI) pr~dcclr; Ulm by Ule year ZOM), per 
C:I~~II~I I ( n ~ 1  p r ~ d l ~ c l i l > l ~  w i l l  ~ICCIJIIC hy 30% nnd ccreol sell- 
\ l~ l l i c i c l~cy  Inrl11 8.5 h~ 65%. 
Ave~:~gc [iic~duclivily or UIC cereill crtrlls ill Ule SSZ haa 
II,~II:I~IIP~I ~I:I I :IIII O V ~ I  llle II:IS~ two decndcs. PIT CXUII~IC, 
;Ivcr:lpe yiclds (11 l l ~ i l l c l  i l l Niger dcclil le~l 1rtr111 570 kg i l r i ' i l l  
I1)h.l 111 140 kg II;I ' ill I987 (I'ig. 32-31!). 111 cu:nparlst~~~, 
~IIIIIII~ OSOIII 1080 wllenl yields ill USA lncrcnaed a l~ lun l l y  
Iby 50 kg 1111 ' (Pig 12-31)), 
~;IIIST II:I~~IIII;I~ I)OKJUCI (CiNP) a ~ l d  m r  c:~pila incclmes of 
o t ~  01 1110 W ~ I  ih~~lxjrtntnt 1~rcrcqulsi~e8 for Ute auccena or 
1l8c ;~d;,l*lntiol~ sl~nlegics rec~unn~c~x led  by scvcrnl lururtla 
(II'('l'. i0'll)lr; NAS. I'IYlh) is IU cllsure Ulsl Ulc invelrlivc 
gcllills 111111 III~CI l l ~ e  IRIY I e c l ~ ~ ~ ~ l o g i c s  u x f u l ill ndnplillg 
III clilnnle is ;~vnil;~lrlc 111 111osl [lelllrie. I l l e  rnlc ufndoplioll uf 
llcw olll ivnrs a1 tllc I'nrln level could k used as an exunple. 
III llle IISA, llle erlirs:~lcd l i l c  S~III 111 cullivars is 7 yr lor 
111;1i/c (a511 r r r r~y~  I,.), 8 lor  ~I~&~IUIII [,Y~I~~/IUIII bicolur (L.) 
M ~ a t l c l ~ ]  ;IIJ c(rl11111. (Gosry/~rurn hirsrr lu~t L.), nrld Y lor  
.vlleal ( l i ~ f ~ c ~ r r ~ ~ r ~ e s r ~ i ' ~ ~ ~ r ~ l . . ) : ~ ~ ~ d  SIIYIX:IIIS (G'/!.L ~IIC 111111 (I. ) 
Merr.] (Duvick. 1984). I1 is IU surprise 11i;il w i l l i  6O,lHKl 
nairr  cultivnrs and hybrids 111 preliminary lrials ill 198U 
:ompared 10 454 in coalnlercial uscs (Wilkes, 1084), lllc 
lvcrage l i fe sp1111 u l  a curll cullivar is ullly 7 yr. R I ~  1x;ul 
ll i l let (Pennisclu~n ~III~~I~IIIIIII~I ( ..) .ceke) ill lllc SS7.. il is 
! s l i ~ r ~ ~ l c d  1l1n1 i n  i9llll,1111ly 70  l o  IOI~~IIII~VII~SII~ IIII ~ t~ i l l l : !  
acre ~cstetl ill ~ r ~ e l i l n i l ~ a r y  11i:lls (K. AII:IIIC~ KIIII~:II. 1'102, 
,>CISOII~~ ~I,IIIIIIUII~C:I~~,II~), 111 Niger, ll lc p e ~ i  111iIlc1 c ~ ~ l l i v > ~ r  
(:iV'I', devck~llcd ill l l~cc:uly 1'110, is slil i lleillg 11hc11 :IS 1111: 
i ~ t~ l !~uvc t I  clleck 111 ~ICCI~PIS I~ I ; I~S nlli l is llle lrlllsl i ~ n l ~ o ~ l : l ~ ~ l  
in11~11vcd CIIII~V:~ ICCIIIIIIIICII~C~ (\lr ge l le~r~ i  c u i l i v ; ~ l i ~ ~ l ~ .  
l l sc  o f  silcli i l ~ ~ p i o v c d  ~ ~ l t i u : ~ ~ s  n l  I l lc  Inr l i i  l cvc l  is \\ill 
very Ilrw. 
W l ~ c ~ l ~ c r t ~ r  IIOI !J~crc w i l l  1% :1sig11i1ic:1111 c l i ~ ~ l ~ ~ l l c d ~ : ~ ~ ~ g c ,  
ll lc i i ~ l ~ c r e ~ ~ l c l i ~ n a l i c  v ~ialr i l i ly  ill Ule SSZIIIII~~SIIIC llecd IIII 
ndnl?l:~liol~ annvuidal~lc. I i l lv i l~ l l l l lc l lCl i  plll l~lellls l i l ~ i l l g  I l l 15  
BOIIC a e  sc~ious alld ccrl:lill 'Ihc llced lor IICV~IUIIIIICIII ill111 
i~n~ le~nes f i i l i \m o l  n~sIain:~blc a$ricullurnl sliolcgies 011 :I 
1cghr11n1 sc:lle is c~uc ia l  il Illis III;II~~II:I~ 1egi1111 Il1i11 is :IIIC:IIIY 
111rca1c11cd by cnviru11111c111;11 I~I!~I;II~~~~~III l ' r c ~ c d i l : ~ ~ e ~ l  :fill- 
al1111lil111 Ulal l r p i n s  will1 n ~ ~ t i c i l u ~ l i u ~ ~  81111 ~IIIIIII~:II~IIII (NAS. 
lYJ 111) is a pucd slralegy klr  Il l is regitrll. 'l'lle n l i p ~ ~ i : ~ ~ : l ~ c s  
s l l~ r~ l ld  k p ~ c x r i l ~ l i v c  all11 dyl~alnic r:~lllcr li1t111 d e ~ ~ r i l l l i v e  
RI I~  static. 
1 )llc Ibc c l ~ n ~ ~ ~ e l c ~ ~ s l i e  lcnlurcs o l  Ule SSZ la a nor*- 
\011111 p:ltli~111 ill ICIIII~~I~II~IC II~ rai~~l:ll l. 'I l l is " l i en  o l ~  
ml~~al!l:lgc ill lllc scllsc that ll lc c l i~ t~a lcs  li lal IIY be expcrl- 
rnccd nl n givcll r l lc  ill lulllrc llrr l l lc 111osl pwl, arc cli~nales 
111:11 :IIC Ix i l lg c r l ~ c r i c ~ ~ c c ~ l  n l r r ~ ~ d y  so~newllcn: nlong U~is 
g~; l l l ic~l l ,  A l l l ~ ~ l ~ ~ g i ~  IIICIC m nat le diflcrcllccs 111 soil types 
:I~I!II~~ Illis gl:ldie~iI, ctop I~SIKIIISCS IU a given range 01 
I~III~I~I:~IIIIC< n1i11 rni111';1Il e1111ld slil l I* CXNII~IIC~ S~IICC all 
tttclltlcllces 111 :I d c l i ~ ~ c d  c111ss (!nilll;lll ulld Iclnpernlure) 
\IIIIIIIII rcsl~1111d IIIIII:III:I~CIII(!III 111 n silllilur wny. 
1: l lccl i~r ~III~~ICIII~III:II~I,II 01 llic nnnlvguc approach re- 
1l1111cs Illc c ~ r ~ l x ! a l i r ~ ~ ~  nlld c ~ x ~ t d i ~ ~ r n c l l  nctlv l 01 all l l lc 
c l~o~ i l l i cs  ill 1111. SSZ. I lc~tcc, il is Ilcccssnry l u  crealc a 
~ l r l u , ~ l ~ k  (11 ~ c s < : : ~ ~ c l ~  IIILI X~XI I I I I~ I I~~ I~  biles. F u ~ l u ~ ~ n l e l y ,  lo r  
111illc1 IIIKI ILII~~IIII~I, lllc nlllsl ~III~IIIII~IIII ccrcnl crops i n  b e  
SSl., lhc Wcsl alld('cnlrill Africa11 MillclHcscmchNelwurk 
:IIIII IIIC WP\I nlld CCIIIIIII A l ~ i e n n  SII~~IIUIII R C S C ~ ~ C ~  Ncl. 
i v o ~ k  : I I~  ;!l!c:ltly l u l ~ c l i o l ~ i l ~ g .  Acllvil ics or Ulac Iwu le t -  
~ ' I I I ~ \  :IIC L I , ~ ~ ~ ~ I I I I I I C ~  lry I(:I(ISA'I'. AII l ~ l l e r ~ ~ n l i u ~ ~ a l  pcr- 
\pr< l i w  15 ;I ( ~ o , ~ ~ c l ( l l i ~ i l e  ill lllc i l l l~ l~~111~11l t1 I io I I  11 UC NIo. 
101:11r :11111111;1111 * ~ I ~ L C  il i'i 11illi~11lI Ic~r IIY IC II~I~IIIIIJ 
III'ICI:I!$I 11) LI.I:(I IIIII~:RI (11  :all~~CV~~U(IIIICIIIS nCloSS Ulis vast 
eli111:111e IIIC I'IIIIII l l x  clit~l;l le cllollgc ~Er~l lccl lvC, 11 is 
Ill:crsr:lly III IIIII~I~I S I I ~ I I ~ I ~ I ~ I I  illc 1csc:sc11 u l  UIC I r l c r n a  
lil111:11 A~:I~C~I~IIII:I~ l l e r e n ~ c l ~  I:clllcrs nnd UIC ~iclworks i n  
Wchl Alr i rn.  
' I ' o a ~ ~ r l ~ ~ i l y  :Isrcss llle ilnlltlrl trllulurecli~nnlcchangcon 
111c III:II~;I~~I~ :IIIII IIIIIII:IIIII~CI~ CCOS~SI~IIIS ill UIC SSZ, il is 
r l u r i : ~ l  III 111111111111 Ih>c:iI ~ . l i l ~ i i ~ l e ,  nlld ~ ~ n l u r a l  clln~lgcs 111 
sl~rcic.; ; ~ r l ; ~ ~ r l i l l i l ~ ~ ~  11 wi l l  IIC ~~ccessary 10 l l~slal l  ilaproved 
IIICI~IIK~S 111 C~~III:I(~IIII~II~~III~II~ Ihy l i lk i~lg n d v n ~ ~ l n g e o l r e c e ~ ~ l  
,ICVC~I~~IIIICIII~ ill : ~ ~ ~ l l l ~ r ~ : ~ l i c  WCIUICI slnlit~tls wllicll CIIB~IC 
c;l\y ~ c c u ~ d i ~ ~ g  111 lllc r i c c ~ ~ ~ r c ~ c e  tr l  cxtremc CVCII~R on n 
IOIIIIII~ 11:1sis, ilcccnl ;111v:111ccs i n  sillcllile lcclll~ulogy alsv 
OIICI IIIC ~ ~ ~ ~ ~ ~ i l ~ ~ l i ~ i e s  1111 11ct!cr IIIIIII~~III~II~ 0 l  IIC 111a11nped 
:IIII~ IIIIIII:III:I~CII CCIIS~RICIIIS. I : o r s ~ c i c ~ a d a ~ ~ t n ~ i u ~ ~ ,  I1 w i l l  be 
I I~.~II I~ I scl II~I ~ ~ l ~ ~ : ~ ~ ~ ~ i o g i c u i  gnrdclls al hc l l c l~  Inark silcs i n  
IIIC S S / , ~ o c i ~ ~ t : l ~ ~ l l y  !!scar l l~ccl~n~~~csl~~ll lclrsdu[lbl iol lol ld 
111 1I1c 11~111iii l~ll 111 I11c II~V~~II~~IIICIIL~I sUUCF. 
.\L..1.3 Usa S11.11lc~ier RIP I n l c l e ~ ~ t  Nulursl  Hwlurw Use 
I t ~ c r c ; ~ s i ~ ~ g  lllc ~~IIIIIII~~IIII and s l r c ~ ~ g l t ~ c ~ ~ i ~ ~ g  u l  ruowce 
c o ~ ~ s c r v ; l l i r ~ ~ ~  is ll lc i i rs l  slcp ill c u p i ~ q  w i U ~  ale clilnace 
clxsge. 'l'hcse slrnlegier w i l l  Incbdc, Icn cxenple. soil o l d  
IIIII~S~IIICCIIIISCIV~~~III~. I~el lcr  l~~oislureuxeellicicncy,collCc~ 
gicr 1l1nt call i~lcrc:we llle wnlcr use clliciellcy, sucll as relay 
cl111111i11g durillg yelus w i U ~  c ~ u l y  IWI 111 roil., are IWW 
:~v:~il;~hlc and alrluld Ix: l r i l ~ ~ s l c m d  10 Illc! fami level. 
Il is i t l l y o n n l l t  l o  i l l c r b ~ s c  Use c ~ l l p l ~ n r l s  1111 l l le  JC\.C~IIII- 
n t c t l l  n t l d n d o p t i o c t  o l ~ e c b n u l r ~ ~ i c s  dlnl i ~ ~ c r c n s c  t l tc ~ > ~ r r l u r -  
l i v i l y  w e f i ~ i e l l ~ y  u l c r o p s  LIIIIS~SICII~ w i l l 1  Llle pri l tci l , les 111 
sus la innb lc  *eve 
~ m s s i b l e  s l n l e g i  
U le  SSZ i ~ x l u d i l  
l c m s .  I r a d i l i o l l a l  a g r u - s i l v i - l ~ : ~ a n ~ ~ n l  systei l ts, c l lo ice  of 21, 
p r o p r i n l e  c r u p  variet ies, i ~ ~ c c r c n ~ l ~ l ~ i l l p / r e l n y  c n l rp l l l y  111 LC. 
leak w i l l 1  I c g u l l ~ c s .  F~11~llrrr111<1 a l b ~ i / [ l  s y s ~ c ~ l l s .  l t ~ i x r ~ l  I ~ r r i  
g ~ n s s l c ~ ~ ~ l ~  r y s l c t ~ s ,  rot;1li,111?. :t>e <)I 1n:ltlules u.111l :I I ~ ~ a ~ ~ l r l l  
~ ~ u a ~ t l i l y  o l  le~lili,.cc, n ~ t d  IIYC 111 CIOI! 1csi~111cs 
011c or l J a  n d n l > t n l I t r l ~  s l ~ : t l ~ g i c s  IPCOIIIIIICII~CI~ I ? y  N A S  
( 1 9 9  l b )  i s  l l l e  i ~ l l c r v e ~ ~ l i , r n  I ry  ~ l r v e l l l l l l c l l l c  Irr III~II~~III~:IIC IIIC 
r i t ~ 1 l l l l s l n t t c c r  ,rl r l l~> i<c . :  l l l c  c ~ i l c t l : ~  I:II~ LI<I!YII 1111 PIIYTIII 
III~II~ :lc11o11 I N A S .  19'111r) inlq>ly 10 lllr SSI. e v c l l  IIO\Y 
1. AIIIUUII~ 01 I~IIIC IC IICJ l u  L:UI y UIII l l l e  ~I~:,~>I:IIIOII I\ \o 
Ikl l lg 111;11 we IIIUSI n c l  II<!W 
2. ACII~>II i.; J~l l l l i l : l l ! l c  c v t l ~  w l l c l ~  ~.~!III;IIC d l l r a  11111 c11;~1lgc 
3 l'c11:111y 101 w11iIi11g :I dcc:~,Ic or I\VO i v  ~ I W I I  
AwJml .  1.11 199 I A rrcund lkuk a1 111. i t t tpc ls  01 E ~ I O # U ~ C  c l 8 ~ ~ g e  411 t  
Sci. 79:210-221. 
I l ~ o ~ o u .  I' 1 1'1111 Wmrr rcwxlrre. imwl I~~I~VIIUI~I ~ k v a l q ~ b t ~ n l  in 1111 
I ~ S ~ U U S  L~I I ICI IO~~ 1I veltsp11~11 X I Y ~ ~ C *  1011n Wiley and Sou. Nar 
Yll lk 
( '  Ill?* r, r , , ,  I . . I ' r l c l I I ,  1 ...,, ar1'l10f8 <I 1592 11.(T.,,"".. 
,mtrns [rlu I %.I. r . I , .  l y  o,.an rr Bttn,Jn Iru~.n,ona ~ n r  ran. 
,tlca ~ ' 1 c ~ g f w  I1.$rv. ~*loetlmnJ 
\~<l l l . \# l l lnr .  h4 V K Iuav Agrnrl88rtnlr 0s a r l ~ n l t ~ I n l ~ ~ l n ~ r i c u I ~ ~ r ~ l n ~ I ~ e  
516J11t11 ?nl#i.11~11 w ~ n e  p 1 17 I t  11 Snti, c lop and valer n m n l l e  
#,tent .yt l * l !~-  II~I 1111111111 n r t o ~ t ~ ~ t t ~ r c  ut t ~ w  sudsnu S ~ I ~ I I . ~  ran.: 
I'rc*, I##)  W ~ ~ ! L ~ l t u 8 ( ~ ,  lL.lllSA l / , ~ n l t ~ l $ o t ~  l ' e n l ~ r ,  Niamnty, Niacr. 1- 
I I lnlt I'JRl I I 'HlSAl' .  i'nla!trl~crt~, A P. JU1314, India. 
S n n k u t t t n ! .  M V K ~ ~ U ~ . I - I ~ I I I ~ I I ( . C ~ ~ ~ ! ~ ~ C ~ ~ ~ ~ I I I I ~ I ~ C D I I U O I I O ~ ~ ~ ~ ~ ~ U I I Y I ~  
~n Nigrr C l t u ~ n l ~ c  t'llnm>lc 1U:lVl-111. 
' ; * \ ; l k ~ < # # # n t .  h l  V K , (' RCII~III, nnal 1 hi Paurl l .  1991, A ~ ~ o e l i ~ ~ ~ a l i e  
1.~11111111161111111 1111 .,l.,,,l,.l,I~ "8," " i l " i . p ~ l " l l l  IyIIU,,, in dl. 
Sllllilltll Snllrlinll ?IIII~ Illvlled SCI~~III~IC I~CIUIC, l ~ l l l h  S11110n 01 
l l l r  CIIIIIIIIIY~~C~~I lllr A ~ r i ~ c i l l ~ ~ n l  M r l e o t n l ~ ~ g  or WMO moance 
Ihnly ? 1 ,  l l r c  I1l'J1 Woaltl M ~ I C O ~ ~ I I O ~ ~ C I I ~ ~ ~ ~ ~ ~ I U I ~ & ,  G O ~ ~ Y I :  
Sw,l,r,lnl,,l 
5l lp,,~rr 1)s r - ,  1 1 1 1 ~ 1 ~ 9 ~ 7  Pnarl ~ ~ d l l e l  in! h1ric.n 
npll<ul~urr II~I 19 I l . b ~ P r < a .  (41 cnr lMi l le lWnrk~l~?p, lCRlSAT 
t'l.ltlel. 111~11n. 7-  11 All! 1986 ICKISA'I. Palanelmru, A.P. 501314. 
111111" 
Wnl ln~r .  I S ,  1 I1 I' I:I,III. noul M V K S I Y ~ ~ Y I I I ~ I .  IYW. Ptelltttilllfy 
~aer.tncr~~lc<~~r 181 ll t rn(linln,n a ~ ~ l  evnpwnt8nn over bars soil and 
l n l l ~ w  l h ~ ~ ~ l ~ l n ~ ~ ~ l  8 8 ,  113~ S O I ~ I  It,!. J C l i f o ~ ~ t ~ ~ l .  10:2U3-2IU, 
u '~ l l : r r ,  I: 1984 ~ i c r ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~  cnnrrrv.linn 1 a ~ o # d 8  llte year 2MM. Pol-n. 
,,"I I<. 1 I C I  L,<lJ). 1110 .l1l,"".0l!1l"l 01 pla"O"l C1"P. In C.W. 
yn,ru,nn rr nl 1 .q  Plan! yrreric rn.ajxcer A,,t A#~OC.  Ad*. bi. 
SII~L~~II S~IIIII XI Afoa. Amcr. Ad* SCI.. W u l $ i n @ l ~ n  OC. 
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